We report comprehensive multi-wavelength observations of a peculiar Type Ia-like supernova ("SN Ia-pec") ASASSN-15pz. ASASSN-15pz is a spectroscopic "twin" of SN 2009dc (a so-called "Super-Chandrasekhar-mass" SN) from pre-peak to nebular phases, but it has a peak luminosity M B,peak = −19.69 ± 0.12 mag that is ≈ 0.6 mag dimmer than SN 2009dc and is comparable to the SN 1991T sub-class of SNe Ia located at the luminous end of the width-luminosity relation. The synthesized 56 Ni mass of M56 Ni = 1.13 ± 0.14M is also substantially less than several 2009dc-like SNe. Previous well-studied 2009dc-like SNe have generally suffered from large and uncertain host-galaxy extinction, which is negligible for ASASSN-15pz. . The 2009dc-like SN population, whose rate is on the order of ∼ 1% relative to SNe Ia, exhibit a range of peak luminosities, and do not fit onto the tight width-luminosity relation. Their optical light curves also show significant diversity of late-time ( 50 d) decline rates. The nebular-phase spectra provide powerful diagnostics to identify the 2009dc-like events as a distinct class from SNe Ia and other SNe Ia-pec. To refer to this class, we suggest the phenomenology-based "2009dc-like SN Ia-pec" instead of "Super-Chandrasekhar SN Ia", which is based on an uncertain theoretical interpretation.
INTRODUCTION
The empirical correlations between peak luminosity and light-curve width (or the post-peak decline rate; see the yellow filled circles in the left panel of Fig. 1 ) established by Phillips (1993) make Type Ia supernovae (SNe Ia) important standardizable candles for cosmology. Yet, the progenitor systems and explosion mechanism of SNe Ia are still under intense debate (e.g., see reviews by Maoz et al. 2014; Wang 2018) . The width-luminosity relation (Pskovskii 1977; Phillips 1993 Phillips , 2005 may also hold important clues to understanding the physics of the SNe Ia population (e.g., Wygoda et al. 2019a,b) , and these relations appear to connect the dimmest 1991bg-like events (Filippenko et al. 1992b ; Leibundgut et al. 1993; Turatto et al. 1996) , the most luminous 1991T-like events (Filippenko et al. 1992a; RuizLapuente et al. 1992; Jeffery et al. 1992) , and the "normal" SNe Ia used for cosmology into a continuous distribution (e.g., see Fig. 4 of Burns et al. 2018 and the yellow filled circles in the right panel of Fig. 1 ). Evidence for the continuity of the SN Ia population includes other light-curve properties (e.g. Phillips 2012; Burns et al. 2014) , early-phase spectroscopic properties (e.g., Nugent et al. 1995; Branch et al. 2009 ), and nebularphase spectroscopic properties (e.g., Mazzali et al. 1998; Kushnir et al. 2013; Dong et al. 2018) .
In recent years, wide-field sky surveys have discovered an increasing number of peculiar SNe Ia-like events. These objects are spectroscopically similar to SNe Ia, especially the 1991T-like sub-class, near maximum light, but they often exhibit spectroscopic peculiarities and also usually deviate from the Phillips relation (see, e.g., Taubenberger 2017 ). In particular, there are SNe Ia-like objects with peak absolute magnitudes of M peak V −20, which are greater than the most luminous SNe Ia (i.e., the 1991T-like sub-class) on the Phillips relation , and their progenitor masses are speculated by many as possibly super-Chandrasekhar. Howell et al. (2006) found the first such event, SN 2003fg, and a small number of additional such luminous SNe Ia-like events (referred to in the following text as luminous peculiar SNe Ia or "luminous SNe Ia-pec" in short) were discovered, SN 2006gz (Hicken et al. 2007 ), SN 2007if (Scalzo et al. 2010 ) and SN 2009dc (Yamanaka et al. 2009a; Silverman et al. 2011; Taubenberger et al. 2011) . Their spectra have substantial differences from SNe Ia on the Phillips relation. In general, they appear hotter and show evidence of unburned carbon in their early phase spectra and weak or even absent [Fe III] emission in their nebular spectra. The luminosity estimates for these objects, including SN 2009dc, have suffered from uncertainties in the host-galaxy extinction. In the case of SNe Ia on the Phillips relation, there is a remarkable uniformity to the intrinsic (B − V ) color between 30 − 90 d (i.e., the Lira relation; Phillips et al. 1999) for objects with negligible host extinction allowing accurate estimates for host reddened SNe Ia. However, the luminous SNe Ia-pec found to date all suffer significant host reddening and their intrinsic colors remain unclear.
Despite the abundant observational data of SN 2009dc, an accurate determination of its peak luminosity was prohibited by the large uncertainties in its host-galaxy extinction estimate. There is considerable dust extinction for its host as evident from the Na I D absorption line with equivalent width of EW(Na I D) ≈ 1.0Å (Taubenberger et al. 2011; Silverman et al. 2011) . Taubenberger et al. (2011) adopted the hostgalaxy selective extinction E(B − V ) = 0.10 ± 0.07 mag. They noted that the post-peak (B − V ) curve of SN 2009dc does not follow the Lira relation and is redder by ∼ 0.3 mag at 90 d. Considering various empirical relations between EW(Na I D) and dust extinction, Silverman et al. (2011) found a range of possible host E(B−V ) for SN 2009dc (0.1 < E(B − V ) host < 0.3 mag), and these would translate into a large uncertainty in peak luminosity of ∼ 0.6 mag. Another luminous SN Ia-pec SN 2006gz also suffers from the uncertainties in host-galaxy extinction. If the Lira's relation is adopted, host-galaxy selective extinction E(B −V ) host = 0.18 mag and subsequently peak absolute magnitude M peak V = −19.74±0.16 were estimated for 2006gz (Hicken et al. 2007) . SN 2012dn was found to be a spectroscopic "clone" of SN 2006gz, whose peak luminosity are similar to an averaged SN Ia (M Here we report the discovery and observations of ASASSN-15pz, which spectroscopically is nearly identical to SN 2009dc, but has some significantly different photometric properties including peak luminosity and late-time light-curve decline rates. Our UV, optical and near-infrared (NIR) photometry data and visualwavelength spectra of ASASSN-15pz are described in § 2. In § 3, we show that ASASSN-15pz is essentially free from host-galaxy extinction allowing the luminosity and intrinsic color evolution of ASASSN-15pz to be accurately determined and compared to other SNe. Our spectroscopic data span from before the peak to the nebular phase, and we show in § 4 that ASASSN-15pz is a s BV Figure 1 . Width vs. Luminosity (decline-rate) relation (Phillips 1993 ) populated with a subset of CSP-I SNe Ia from Burns et al. (2014) . The relation is parameterized by ∆m15 (left) and sBV (right). The absolute B-band magnitudes are extinction corrected as described by Burns et al. (2014) , and distances are computed using a Hubble constant of H0 = 70 km s −1 Mpc −1 for SNe Ia with redshift z > 0.01 and redshiftindependent distances are adopted from the literature for objects with z < 0.01.
spectroscopic "twin" of SN 2009dc (see Fig. 2 ). We discuss the implication of our work for understanding this class of SNe Ia in § 5. UT 2015-09-27.16 (JD = 2457292.66 ) at an apparent V -band magnitude of ∼ 16.4 mag (Brimacombe et al. 2015) . The source is approximately 16. 34 North and 14. 45 West of the nearby SB(rs)d galaxy ESO 357-G005 (6dF J0308495-351409) at z=0.014837 (Jones et al. 2009 ). An image of ASASSN-15pz is shown in Fig. 3 , and its projected distance is 6.5 kpc from the center of the host galaxy. Correcting for the infall velocity of the Local Group toward the Virgo Cluster leads to a cosmology-corrected luminosity distance of d L = 58.8 ± 3.3 Mpc (distance modulus µ = 33.85 ± 0.12 mag) for H 0 = 73 kms −1 Mpc −1 , Ω m = 0.27 and Ω Λ = 0.73. The distance modulus for all other 2009dc-like objects in Table 3 are computed in the same way as ASASSN15pz for consistency. We include an uncertainty of σ cz = 250 km s −1 (see, e.g. Burns et al. 2018 ) to account for peculiar velocities.
ASASSN-15pz was classified as a SN Ia by an optical spectrum taken with Nordic Optical Telescope (NOT) on UT 2015-09-30.16 (Taddia & Stritzinger 2015) . We performed optical follow-up imaging observations starting from its discovery as part of systematic efforts to follow up a large and volume-limited (z < 0.02) complete sample of SNe Ia (Chen et al., in prep) . It peaked in B band at 14.2 mag at UT 2015-10-11.72 (JD 2457307.22) , which is used as the phase reference epoch throughout the text. The presence of a prominent C II absorption feature red-ward of the Si II λ6355 feature, similar to the luminous SNe Ia-pec SN 2006gz and SN 2009dc motivated us to follow this event extensively. We initiated Neil Gehrels Swift Observatory (Swift; Gehrels et al. (2004) ) Ultraviolet Optical Telescope (UVOT) observation around its peak and NIR photometry observation around 10 d after B-band maximum. A total of eight optical spectra were obtained for ASASSN-15pz during the follow-up campaign spanning from before the peak into nebular phase. We summarize our photometric and spectroscopic observations in Appendix § A and $ B with the photometric results reported in Table. 4, 5, 6 and the spectroscopic observing logs given in Table 7 .
PHOTOMETRIC EVOLUTION OF ASASSN-15PZ
The UV, optical and NIR light curves of ASASSN15pz are shown in Fig. 4 , and our extensive photometric coverage make it one of the best observed luminous SNe Ia-pec.
Optical and NIR Light Curves
A polynomial fit to the apparent B-band light curve around maximum brightness yields B max = 14.23 ± 0.02 mag on JD 2457307.2±0.8 (UT 2015-10-11.7). Our multi-band optical photometry observations span the phases from −13 d to +163.0 d. The V -band light curve peaked at 14.23 ± 0.01 mag on JD 2457307.2 ± 0.7. We derive an observed ∆m 15 (B) = 0.67 ± 0.07 mag, which makes ASASSN-15pz one of the slowest-declining SNe Ia known. The decline rate is similar to other luminous SNe Ia-pec such as SN 2006gz (∆m 15 (B) = 0.69 ± 0.04 mag; Hicken et al. 2007) , and SN 2009dc (∆m 15 (B) = 0.72 ± 0.03 mag; Taubenberger et al. 2011) , while it is slower than SN 2012dn (0.92 ± 0.04 mag; Chakradhari et al. 2014) . Other key photometric parameters derived from the optical light curves of ASASSN-15pz are tabulated in Table 1 .
In Fig. 5 , we compare the B-and V -band light curves of ASASSN-15pz (red filled circles) to those of SN 2009dc (black filled circles), SN 2012dn (green filled circles) and the "normal" SNe Ia (yellow lines) from the Carnegie Supernova Project-I (CSP-I; Burns et al. 2014) . In the left two panels, the absolute-magnitude light curves are presented after correcting for both the Milky Way (MW) and host-galaxy extinctions. For SN 2009dc, SN 2012dn and ASASSN-15pz , the adopted reddening parameters and distance modulus are listed 3000 4000 5000 6000 7000 8000 9000 The left two panels show absolute magnitude light curves after correcting galactic and host galaxy extinctions, while in the right two panels, all the light curves have been shifted to match with their peak magnitudes and to the time of B-band maximum.
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in Table 3 , and we assume R V =3.1. 1 We discuss how the reddening parameters are derived in § 3.3. For the CSP-I sample, we used the extinction corrections from Burns et al. (2014) . We adopt cosmological distances for z > 0.01 SNe using the same cosmology as for ASASSN-15pz otherwise redshift-independent distances were used. ASASSN-15pz is comparable to the most luminous SNe Ia in the CSP-I sample, while it is significantly dimmer than SN 2009dc. SN 2012dn is ∼ 0.2 mag dimmer than ASASSN-15pz and is consistent with the typical 1991T/1999aa sub-class of SNe Ia. In the right two panels, B-and V -band light curves are normalized to the fluxes at B-band peaks. The insets highlight the light-curve shapes near maximum, and ASASSN15pz and SN 2009dc have the broadest light curves. They stand out in the left panel of Fig (Friedman et al. 2015; Taubenberger et al. 2011) , and a sample selected from the literature (Friedman et al. 2015; Krisciunas et al. 2017) .
color evolution of ASASSN-15pz following the procedure of Burns et al. (2014), we obtain t max B−V = 40.8 ± 1.5 days and s BV = 1.36 ± 0.05.
We also apply the same fitting procedure to SN 2009dc, SN 2012dn and the 1991T-like SN 2005M with the bestfit models shown in Fig. 6 and the parameters are given in Table 2 . For comparison, the Lira relation from Burns et al. (2014) and its standard deviation are also shown. The late-phase decline slope of ASASSN-15pz is similar to that of SN 2009dc, while slower than the Lira relation. We show in § 3.3 that the host-galaxy extinction of ASASSN-15pz is negligible, and the measured (B − V ) color for ASASSN-15pz is thus intrinsic and can be used as an un-reddened template for this sub-class.
In Fig. 7 , the r, i-, J-and H-band light curves of ASASSN-15pz are compared with those of SN 2009dc, SN 2012dn and CSP-I SNe Ia with good NIR light curves. Except for some low luminosity SNe Ia, the iJHband light curves of SNe Ia (including the 1991T-like sub-class) generally exhibit prominent secondary maxima. ASASSN-15pz, SN 2009dc and SN 2012dn all have secondary maxima, but unlike the SNe Ia from the CSP-I sample, they do not have significant troughs between 0.92±0.04 0.059 ± 0.007 −0.0106 ± 0.0005 37.9 ± 2.5 1.26 ± 0.08 ASASSN-15pz 0.67±0.07 0.033 ± 0.003 −0.0040 ± 0.0002 40.8 ± 1.5 1.36 ± 0.05 the two peaks. Instead, their light curves are "shoulderlike" between the two peaks with flat slopes. In the H band, the peaks at 30 d from B-band maximum are broad and luminous, and they appear to overwhelm the peaks near the B-band peaks.
Swift UVOT light curve
In Fig. 8 , we compare the evolution in u, uvm2, (u−v) and (uvm2−u) of ASASSN-15pz with SN 2009dc, SN 2012dn and a few SNe Ia with good UV coverages, including the normal SN 2007af (Brown et al. 2009 ) and SN 2011by (Milne et al. 2013) , the 1991bg-like SN 2005ke (Brown et al. 2009 ), and the "transitional" object SN 2007on (Gall et al. 2018) , whose luminosity is between "normal" and 1991bg-like SNe Ia. It is well known that 2009dc-like SNe are exceptionally UV bright around peak (see, e.g., Brown et al. 2014b) , and ASASSN-15pz is also UV luminous. As shown in the bottom left panel of Fig. 8 , the (u − v) colors of SNe Ia become redder after B-band maximum then reverse and become bluer. Like the (B − V ) color curves, the (u − v) color curves peak later for more luminous SNe. The (uvm2 − u) color evolution of SNe Ia show more diversity, and ASASSN-15pz is the only object with uvm2 detections at late phases 50 d to show a flat late-time (uvm2 − u) color evolution. ASASSN-15pz, SN 2009dc and SN 2012dn are bluer in the UV than the SNe Ia in our comparison sample, suggesting higher blackbody temperature (or less Fe line blanketing) for these objects.
Reddening and Luminosity
The Galactic extinction toward ASASSN-15pz is E(B − V ) M W = 0.016 mag based on the Schlafly & Finkbeiner (2011) recalibration of the Schlegel et al. (1998) dust map. The low Galactic extinction is consistent with the absence of Na I D absorption lines in all our spectra. Na I D absorption is not detected from the host-galaxy redshift with 3 σ equivalent width upper limit of EW(Na I D) < 0.2Å. This corresponds to a 1 σ upper limit of E(B − V ) < 0.04 mag based on Phillips et al. (2013) .
Based on this non detection of Na I D, we assume that the host-extinction correction for ASASSN-15pz is (2011)), and thus the total extinction is E(B − V ) tot = 0.18 mag. Silverman et al. (2011) obtained EW(Na I D) = 0.94 ± 0.15Å for the host galaxy of SN 2009dc measured from 13 early-time spectra, which is consistent with EW(Na I D) ≈ 1.0Å derived by Taubenberger et al. (2011) .
Based on EW(Na I D), Taubenberger et al. (2011) estimated E(B − V ) host = 0.10 ± 0.07 mag. Silverman et al. (2011) noted that various relations between EW(Na I D) and reddening could give rise a large range of E(B − V ), and they set a lower limit of E(B − V ) as 0.10 while could not exclude E(B − V ) as large as 0.30 mag. We note that according to the relation derived by Poznanski et al. (2012) (Hicken et al. 2007) , respectively. For both SNe, the post-peak (B − V ) decline rates are much steeper than ASASSN-15pz, so we cannot derive their host reddening from direct color-curve comparison with ASASSN-15pz. Hicken et al. (2007) found that the postpeak (between 35 d and 51 d) (B − V ) decline rate of SN 2006gz was similar to SNe Ia, and by applying the Lira relation, they derived E(B − V ) = 0.18 ± 0.05 mag, which was consistent with the value of E(B − V ) host ≤ 0.15 ± 0.08 mag they estimated using EW(Na I D). However, there is no evidence supporting the idea that the intrinsic color evolution of luminous SNe Ia-pec follow those of normal SNe Ia. In fact, Chakradhari et al. (2014) found that the Lira relations would yield E(B − V ) Lira ≈ 0.43 mag for SN 2012dn, which would be much higher than E(B − V ) host ≈ 0.12 mag estimated by EW(Na I D). Since we have no extinctionfree analogs of SN 2006gz or SN 2012dn, it is not secure to derive their host reddening by making assumptions on their intrinsic color evolutions. We instead adopt the reddening values deduced from EW(Na I D) for SN 2006gz and SN 2012dn in our analysis.
The adopted extinction parameters and derived peak luminosities for the four above-mentioned luminous SNe Ia-pec are listed in Table 3 , which also includes the reddening parameters derived for SN 1991T (Phillips et al. 1999 
Bolometric light curve
We construct bolometric light curves for ASASSN15pz using our multi-band light curves. We first convert the observed UV, optical and NIR magnitudes into monochromatic fluxes and de-redshift them into the rest frame. To avoid red-leak issue related to the uvw2 and uvw1 bands (Brown et al. 2010) , only uvm2-and u-band S wift data are used. Then at each epoch, we obtain a low-resolution spectral energy distribution (SED) by linear interpolation. The low-resolution timedependent SEDs of ASASSN-15pz are shown in Fig. 9 , where the peak wavelength changes gradually from blue to red as the ejecta expand and cool. Since the UV and NIR observations started about two days and ten days after peak, respectively, we extrapolate our earlyphase UV and NIR light curve to construct the bolometric light curves using the shapes of the UV and NIR light curves of SN 2012dn and SN 2009dc respectively. We integrate the SEDs to construct pseudobolometric ("uvoir+MUV") light curves covering from 2000Å to 23550Å, which includes flux contributions from wavelength ranges of MUV (from 2000 to 3000Å), U band (from 3100 to 3930Å, similar to NUV wavelength range of 3000 to 4000Å), optical and NIR bands (from 8150 to 23550Å). We also construct pseudobolometric ("uvoir") light curves covering 3100 to 23550 A, in order to make direct comparisons with those of SN 2009dc and SN 2012dn (see Fig. 10 ). These pseudobolometroc light curves of SN 2009dc and SN 2012dn are constructed using the data collected in the literature with the same method as ASASSN-15pz described above.
For SNe Ia, the flux at wavelengths blue-ward of 3100Å, is generally believed to make a small contribution to the bolometric flux (see, e.g., Contardo et al. 2000; Contreras et al. 2018) . But SN 2009dc and SN 2012dn are exceptionally blue (Brown et al. 2014a ). The UV contribution to their bolometric luminosity near the peak can be significant. Similarly, as shown in the bottom two panels of Fig. 10 , we find that for ASASSN-15pz, there is significant UV contribution to the bolometric light, and the U/uvoir (MUV/uvoir) fraction evolves from as high as ∼ 45% (∼ 23%) at −12ḋ to ∼ 38%(∼ 15%) at B-band peak, and then to a constant level of ∼ 10% (∼ 6%) at around +30 d and later phases.
Mass of 56 Ni
SNe Ia are powered by the radioactive decay of 56 Ni synthesized in the thermonuclear explosion, and the mass of 56 Ni is a key physical parameter. A well-known method to approximately estimate the mass of 56 Ni is "Arnett's rule" (Arnett 1982) , which states that at the peak, the luminosity of a SN Ia is approximately equal to the instantaneous rate of energy release from radioactive decay chain 56 Ni→ 56 Co→ 56 Fe expressed as L peak bol ≈ αQ(t peak ) M N i , where Q(t) is the rate of radioactive energy production per unit nickel mass at time t since the explosion, t peak is the time of the peak since explosion, and α is a coefficient of order unity. The ASAS-SN detection on UT 2015-09-27.16 means that t peak > 14.6 d. If we fit our early light curve (phase < −10d) to a fiducial fireball model f = A(t + t R ) 2 we get a best-fit estimate of t peak = 21.4 d. For comparison, Silverman et al. (2011) obtained a direct constraint on t peak for SN 2009dc from early detections as t peak > 21 d, and combining with non-detections they estimated a rise time of 23 with an error bar of 2 d. The 56 Ni mass estimate using "Arnett's rule" is sensitive to the estimate of explosion time, and we adopt an uncertainty of 2 d similar to Silverman et al. (2011) . With L bol,peak = 2.7 × 10 43 erg s −1 for ASASSN-15pz, we obtain M56 Ni ≈ 1.1 ± 0.4M with t peak = 21.4 ± 2 d and α = 1.0 ± 0.2 (see, e.g., Branch 1992; Stritzinger & Leibundgut 2005 , for various estimates of α).
The radioactive-decay energy is principally released as γ-rays and positrons. At late times, the fraction of γ-ray energy deposited in the ejecta is given by t 2 0 /t 2 , where t 0 is the γ-ray escape timescale (e.g., Jeffery 1999; Stritzinger et al. 2006 ). For t t 0 , all gamma-rays are trapped and the deposition fraction is unity. To a good approximation, the deposition can be interpolated by 1 − exp(−t 2 0 /t 2 ) at all times (see, e.g. Wygoda et al. 2019a) . As shown by Katz et al. (2013) , at sufficient late times, there are two relations between the deposition and the bolometric luminosity, Q(t) = L(t) and the integral t 0
L bol (t )t dt , and the 56 Ni mass can be derived using these relations (see some examples by Blondin et al. 2018; Wygoda et al. 2019a ). For ASASSN-15pz, we first obtain t 0 = 46.4 ± 0.5 d by fitting t 2 L/ Ltdt, which is independent of 56 Ni mass, to the observed bolometric light from 60 d to 115 d after explosion, as shown in bottom panel of Fig. 11 . Then we fit the integral Ltdt as shown in middle panel, and obtain M56 N i = 1.13 ± 0.14M . Unlike Arnett's rule, the estimate of M56 N i with the Katz et al. (2013) integral method is insensitive to the exact value of t peak , as the integral Ltdt has little weight at early phase. The γ-ray escape timescale t 0 depends on the 56 Ni mass weighted column density of the ejecta (see, e.g., Jeffery 1999; Wygoda et al. 2019a) , and t 0 = 46.4 ± 0.5d for ASASSN-15pz is higher than almost all SNe Ia in the sample analyzed by Wygoda et al. (2019a) , suggesting that it has a relatively high ejecta column density. The same fitting applied to our bolometric light The broad consistency between the 56 Ni mass estimates based on Arnett's rule and the Katz et al. (2013) direct integration method are similar to those of SNe Ia offers a possible piece of supporting evidence favoring radioactive decay power mechanism over alternative scenarios such as ejecta-CSM interaction (see, eg., Noebauer et al. 2016 ).
OPTICAL SPECTRA
In Fig. 2 , we compare rest-frame spectra for ASASSN15pz ranging from −11.6 d to +240 d with those of SN 2009dc at similar phases. The spectra are extinction corrected. At all phases, the spectral features of ASASSN-15pz are almost identical to SN 2009dc, revealing that ASASSN-15pz is a spectroscopic twin of SN 2009dc. In the following sections, we discuss the spectroscopic features at various phases.
Pre-maximum spectrum
Using the earliest spectrum shown in Fig. 2 , Taddia & Stritzinger (2015) reported their spectroscopic classification of ASASSN-15pz as a SN Ia at a phase near maximum. There is a prominent C II absorption feature red-ward of the Si II λ6355 feature, distinguishing it from pre-peak spectra of the Type Ia SNe 2003du (Stanishev et al. 2007 ) and 1991T (Filippenko et al. 1992a; Ruiz-Lapuente et al. 1992; Jeffery et al. 1992; Mazzali et al. 1995) , as shown in Fig. 12 . This strong Si II feature appears to be a unique signature of 2009dc-like objects (e.g., SN 2009dc from Taubenberger et al. 2011; SN 2006gz from Hicken et al. 2007 ; SN 2012dn from Parrent et al. 2016 ) at early phases.
The C II absorption feature is commonly interpreted as being due to unburned carbon, and the C II species can be seen at wavelengths of 4267, 4745, 6580 and 7234Å in the optical spectra (see, e.g., Mazzali 2001). Folatelli et al. (2012) found that at least 30% of CSP-I SNe Ia exhibit C II absorption at λ6580, and a similar fraction was reported by Parrent et al. (2011) . In comparison with SNe Ia, the C II feature is unusually strong in 2009dc-like objects as shown in Fig. 13 (Parrent et al. 2016) , the over-luminous prototype SN 1991T (Mazzali et al. 1995) , and the norma SN 2003du.
We measure expansion velocities of 9850 km s −1 and 10900 km s −1 from the Si II λ6355 and C II λ6580 absorption lines in the −11.6 d spectrum. The expansion velocities of ASASSN-15pz are generally ∼ 1000 km s 
One and two months after maximum
In Fig. 15 , we compare the spectra of ASASSN-15pz around one and two months after peak with those of the peculiar SN Ia 2002cx (Li et al. 2003) , SNe Ia SN 2003du (Stanishev et al. 2007 ) and SN 2005cf (Wang et al. 2009 ), SNe Ia-pec SN 2009dc (Taubenberger et al. 2011 ) and SN 2012dn (Childress et al. 2016 Yamanaka et al. 2016) 
Nebular phase spectra
The supernova ejecta become (nearly) optically thin a few months after explosion. These Nebular-phase spec-4000 6000 8000 10000 (Stanishev et al. 2007 ), sub-luminous SN 1991bg (Turatto et al. 1996 , over-luminous SN 1991T (Gómez & López 1998 ), 1991T-like SN Ia SNF20080723 (Scalzo et al. 2012 , and SNe Ia-pec SN 2007if (Taubenberger et al. 2013 ), SN 2009dc (Silverman et al. 2011 as well as SN 2002cx (Jha et al. 2006) .
tra probe the inner regions of the ejecta, often providing key insights into explosion and clearly distinguishing different classes of supernovae. We show comparisons of the late-time spectra of ASASSN-15pz (+129d and +240d, respectively) with SNe Ia and Ia-like peculiar objects at similar phases in Fig. 16 . We label the prominent forbidden emission lines that shape the general nebular phase spectra of SNe Ia (see, e.g. Axelrod 1980; Maguire et al. 2018) in Fig. 16 . The main Fe and Co feature between ∼ 4000Å and ∼ 8000Å, are present in all sub-classes of SNe Ia but exhibit a broad range of line widths and velocity distributions (see, e.g., Mazzali et al. 1998; Kushnir et al. 2013; Dong et al. 2015) . The nebular spectra of ASASSN-15pz and SN 2009dc Taubenberger et al. (2013) Mazzali et al. 2015) . Taubenberger et al. (2013) suggested that the low ionization found in 2009dc-like SNe Ia might be the result of enhanced recombination due to having high inner ejecta densities due to the low ejecta expansion velocities of 2009dc-like objects. 56 Ni mass of 1.29±0.07M , and they speculated a superChandrasekhar-mass progenitor. However, whether or not super-Chandrasekhar progenitors may lead to 2009dc-like explosions is unknown (see, e.g., Hachinger et al. 2012 , Noebauer et al. 2016 , Fink et al. 2018 and also the relevant discussion in Maoz et al. 2014) . Our comprehensive photometric and spectroscopic data of ASASSN-15pz adds to a handful of well-studied 2009dc-like objects. The main results of our analysis are:
• ASASSN-15pz is a spectroscopic twin with the luminous SN Ia-pec SN 2009dc at all observed phases, and they share many common properties that distinguish them from the SNe Ia population, such as being exceptionally UV bright at early phases, showing strong C II λ6580 absorption at pre-and near-peak spectra and having relative slow ejecta expansion velocities.
• With little host extinction, the peak luminosity of ASASSN-15pz is well determined (M peak B = −19.69 ± 0.12 mag and M peak V = −19.67 ± 0.12 mag), which is comparable with 1991T-like objects at the luminous end of SN Ia luminosity function but substantially dimmer than SN 2009dc.
• From the bolometric light curve, the 56 Ni mass synthesized in the explosion of ASASSN-15pz is 1.13 ± 0.14 M , which is more than all SNe Ia but lower than found for several 2009dc-like SNe Iapec. The γ-ray escape time scale of t 0 = 46.4 ± 0.5 d is considerably higher than those of SNe Ia, implying a relatively high ejecta column density.
• ASASSN-15pz has broad B-and V -band light curves and its post-peak decline rate of m 15 (B) = 0.67 ± 0.07 mag is similar to SN 2009dc and slower than all normal SNe Ia. As a population, 2009dc-like SNe show a significant diversity in peak luminosities and do not follow the tight widthluminosity relation (Phillips 1993; Burns et al. 2014 Burns et al. , 2018 of the SN Ia population. The NIR and late-time 50 days optical light curves of the three well-studied 2009dc-like objects (ASASSN15pz, SN 2009dc and SN 2012dn) show large diversity in their evolutions.
We have collected ∼ 200 objects in our volume-limited (z < 0.02) complete sample of SNe Ia and SNe Ia-like objects (Chen et al., in prep) . Of this sample ASASSN15pz is the only 2009dc-like object, suggesting that the volumetric rate of 2009dc-like object is on the order of ∼ 1% relative to the SN Ia rate. In the 100 type IA Supernovae (100IAS) survey (Dong et al. 2018) , we systematically collect nebular phase spectra from our volumelimited sample. Nebular-phase spectra can be crucial in understanding explosion physics by probing the inner ejecta. In particular, the nebular-phase spectra of ASASSN-15pz and other 2009dc-like objects (including SN 2007if, SN 2009dc, and SN 2012dn) NIR triplet. Therefore, nebular spectra can provide definitive identification of 2009dc-like objects. The fact that 2009dc-like objects can exhibit significant diversity in their photometric properties even between spectroscopic twins may provide an avenue to constrain the progenitors or explosion process leading to these events. The "Super-Chandrasekhar SNe Ia" designation for this peculiar sub-class of SNe Ia is based on an uncertain theoretical interpretation, and we suggest referring them to in the future as "2009dc-like SNe Ia-pec".
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